In the present experiment, Pavlovian fear conditioning was adopted to study the effects of different early rearing environments on fear conditioning in adult rats. Weaned rats were reared in three manipulable environments (enriched, social and isolated conditions). After 8 weeks, fear conditioning (characterized by percentage of freezing) was observed and analyzed, and rats' weight, locomoter activity and foot-shock sensitivity were operated too. The results showed that: (1) Compared with control group, the level of conditioned fear was significantly increased in enriched group, but significantly decreased in isolated group; (2) Enriched and isolated conditions influenced rat's weight significantly; (3) Different rearing conditions have no effect on locomoter activity and foot-shock sensitivity. These results indicated that early enriched condition could improve the tone-evoked fear conditioning response, while isolated condition impaired the response.
1.1
In animal model studies, depression and anxiety models were often established by rearing weaned rats in different artificially manipulated early environments to induce chronic behavioral and physiological changes (Hindmarch et al, 1999; Nemeroff et al, 1999; Pryce et al, 2005) . Early environments consist of social factors and non-biological factors. Social factors include contacting with companion and non-biological factors refer to composition of the environment. Rich and isolated conditions are two extreme environmental conditions compared with social condition (normal rearing environment). Rich condition comprises of social environment enrichment (for example many animals reared together to increase social contacts), enriched incentives (for example keeping the novelty by replacing different objects regularly) and increasing visual and sensory-motor novelty in the environment. Isolated condition refers to rat separately rearing in a small space with only basic living materials. The two extreme conditions could affect the adult animal's neural plasticity, normal activity and potential mental pathological state (Varty et al, 2000) . Some researches found that rats reared in these two extreme early conditions showed some opposite characteristics. Compared with social condition, rich condition improved learning ability in some cognitive tasks, while isolated condition impaired learning ability. In the conditioned position preference (CPP) task, the rich condition group was more sensitive to amphetamines, but the sensitivity of isolated condition group reduced (Park et al, 1992; Bowling et al, 1993) . Other researches found that isolated and rich groups showed similar characteristics, as both groups showed increased spontaneous activity, amphetamines induced stereotype behavior and cortical dopamine compared with control group (Bowling et al, 1994; Jones et al, 1992) . Therefore, the effects of rich and isolated conditions on learning and memory were different in different kinds of learning models. Then, what are the effects of different conditions on learning and memory in cued fear conditioning task？In the present experiment, Pavlovian fear conditioning paradigm was adopted to study different effects of early environments on fear learning and memory. Pavlovian fear conditioning has been widely used as a model of emotional learning and memory. In the paradigm, animals receive neutral stimulus (sound or light as conditioned stimulus, CSs) and aversive stimulation (foot-shock as unconditioned stimulus, USs), and after a number of training matches, neutral stimulus alone could cause animals' fear responses. Fear responses include physiological changes (such as heart rate and blood pressure increasing, respiration changing) and behavioral measures (such as behavioral freezing and fear potential of startle). After fear conditioning, repeated presentations of the CS in the absence of the US results in reduced probability and amplitude of the conditioned response and it is called extinction. Amygdala and prefrontal cortex (PFC) play an important role in fear learning and memory (Sotres-Bayon et al, 2006) , and there are rich fiber connections between the two regions. Many studies have confirmed that amygdala plays a crucial role in acquisition and expression of fear memory, especially in association between neutral and aversive stimulations. PFC inhibits the expression of neutral-aversive stimulus association by projecting to amygdala to excite GABA-containing ne gradually weaken. There have been reports concerned with the effects of early environments on fear conditioning. Environmental enrichment facilitated conditional freezing to an auditory CS (Briand et al, 2005; Barbelivien et al, 2006) . Early life isolation stress impaired fear conditioning in adult rats (Kosten et al, 2006) . The influence might be age related, as stress before puberty increased conditioned fear to the tone during adolescence bu adulthood (Toledo-Rodriguez et al, 2007) . However, these studies adopted different manipulations before weaning or during the adulthood. There was no report that the treatments were given during adolescence and three different treatments were given at the same time as in the present study. The present experiment focused on the effects of early enriched and isolated environment conditions during a conditioning learning and memory.
Materials Subjects
The Subjects were 36 Sprague-Dawley male rats, 22 days old at the beginning of the experiment, obtained from the Laboratory Animal Center of University of South China, Hengyang, Hunan, China. After arrival, the rats were housed in a temperatureand humidity-controlled environment with ad libitum access to food and water. All animals were maintained on a light-dark cycle (lights on from 7:00 am to 7:00 pm, and their testing occurred between 8:00 am and 5:00 pm). Experiments were conducted according to the National Institutes of Health Guide for the Care and Use of Laboratory Anim approved by the Nanhua Unive Committee.
Behavior apparatus
Two observation chambers (without ceiling) (40 cm×40 cm×50 cm; purchased from Shanghai Jiliang Software Technology Co. Ltd., Shanghai, China) were used in the present study. Walls of chamber A were constructed of black opaque plexiglas with white round figures (4 cm in diameter) attached inside which spaced 3.5 cm apart. Chamber B was the same as chamber A except the figures were white rectangle (30 cm×5 cm) and spaced 5 cm apart. The floor of each chamber consisted of 25 stainless steel rods (5 mm in diameter) and the distance between the centers of two rods was 1.5 cm. The rods were connected to a shock source and solid-state grid scrambler for the delivery of foot-shock. The two chambers were situated in sound-attenuating cabinets (50 cm×50 cm×60 cm) which were located in a brightly lit and isolated room. Illumination was provided by a 15 W white house light mounted on the ceiling of the cabinet, and a 80 dB noise was supplied by a buzzer in the cabinet as conditioned stimulus. There was a light-emitting diode fixed on one wall in each chamber as an indicating mark, and the diode emitted light when the noise sets on. The chamber was washed with 50% alcohol solution and 1% acetic acid solution prior to each s fear conditioning and test. Stimulus presentation was lled by a computer p 1.3 Experimental design and procedures for behavioral testing 1.3.1 Different groups and rearing conditions of rats The day pups were born was designated as postnatal day 0 (PND 0). On PND 22, pups were weaned and randomly assigned to three conditions. In enriched condition (EC), twelve rats were housed in a physically enriched cage. The cage consisted of rectangular wood floor and walls (100 cm length ×70 cm width ×70 cm height), with roof covered with metal wire netting. Non-chewable plastic color toys, two PVC tubes (50 cm×15 cm and 25 cm×15 cm, one is straight and another is crooked), a small running wheel and a shelter were randomly placed in the cage. The shelter and running wheel were kept in the cage throughout the experiment, while toys and tubes were changed once a week. Food dispensers and two water bottles were also rearranged every two days to create a novel environment and promote foraging behavior. In social condition (SC), four rats were housed in a cage (45 cm×30 cm×20 cm) which only contained food and water. In isolated condition (IC), rats were individually housed in a small polycarbonate cage (30 cm×20 cm×12 cm) which only contained food and water. Rats reared in three cond considered as EC group, SC group and IC group. Social condition (SC) was the normal rearing condition, and SC group was considered as the control group. 1.3.2 Fear conditioning and test Eight weeks after the grouping, behavior procedure was carried out. Rats were submitted to three experimental phases carried out on three consecutive days: habituation on day 1, fear conditioning on day 2, fear conditioning test on day 3. During habituation phase, rats were put into two observation chambers for 30 min respectively without tones and shocks presented. For fear conditioning, rats were transported from their home cages to the observation chambers to receive six CS-US pairings. CS was 4 kHz, 80 dB, 20 s tone and US was 0.6 mA shock presented 0.6 s before the tone stopped and co-terminated with the tone. The average intertrial interval was 90 s (range 60−120 s). Thirty seconds after the final shock, rats were returned to their home cages. For fear conditioning test, the procedure was the same as conditioning except 16 tone presentations alone without foot-shocks presented. Fo ber and test chamber were different, for example if the conditioning chamber was chamber A, then the test chamber was chamber B.
Fear response to the tone CS was assessed by measuring freezing behavior. Freezing is the absence of all movements except those related to respiration. In each trial, freezing was timed and quantified by computing the percentage of tone presentation. Freezing behavior was scored off-line from videotape with a digital stopwatch by an experi 1.3.3 Body weight Prior to behavior procedure, electronic scale (Changshu, Jiangsu) was used to weight rats. 1.3.4 Locomotor activity test Locomotor activity test was conducted one day before habituation. Rats were transported to the locomotor test chambers (40 cm×40 cm×50 cm) (Shanghai Jiliang Software Technology Co. Ltd.) from their home cages for 30 min and th t. Foot-shock sensitivity has three Post hoc comparison was performed with the LSD method. Additionally, Student's t-test was used in the body weight analysis, baseline freezing analysis, foot-shock sensitivity test and locomotor activity test. All behaviors were recorded as digital videos which were analyzed off-line by the commercial software provided by Shanghai Jiliang Software Technology Co. Ltd. 1.3.5 Foot-shock sensitivity test Foot-shock sensitivity was conducted after fear conditioning test. Rats were put into a chamber which was the same ground as the fear conditioning chamber but with a smaller size. The incremental amplitude of current flow was 0.05 mA wi 0 mA as the basic curren thresholds with respect to three different responses including noticing (orienting head movement), flinching (hind paws briefly raised off the rods), and vocalizing.
Statistical analysis
Statistical analysis was conducted using SPSS 13.0 software. Percentage of freezing values in fear conditioning and test sessions were analyzed using analysis of variance (ANOVA) with repeated measures. data were represented as mean ±SEM. Differences were considered significant when P<0.05.
Results

Baseline freezing and acquisition of fear conditioning
In the cued fear conditioning task, there was no significant differences between groups with respect to the freezing response to the first tone presented (all P>0.05) (Fig. 1A) . As shown in Fig. 1B 
Fear conditioning test and within-session acquisition of fear extinction
One-way ANOVA revealed no significant differ- There was no significant difference between the three groups as concerned with thresholds to foot shock as indicated in Fig. 3B (all P ＞ 0.05) . Thus, early environments did not significantly alter sensitivity to foot shock during fear conditioning. 2.3.2 Locomotor activity There was no significant difference in all groups and all indexes (all P＞0.05) in locomoter activity test as shown in Tab. 1. Thus, early environments did not significantly change locomoter activity in adult rats.
Discussion
The present study demonstrated a specific effect on fear conditioning after cessation of environments handling in behavioral animal models. In fear conditioning phase, the freezing response during the first pair of tone and foot-shock was caused by the sound alone and taken as the baseline for tone. From the first match as described in Fig. 1A , different early environments have not affected the freezing response to the tone. That indicated that tone was only a clue and the change of freezing response was caused by association between tone and foot-shock stimulus. Freezing responses of all three groups increased rapidly across pairings tone with foot-shock repeatedly and then reached the "platform effect" throughout establishing of fear conditioning as reported before (Gu et al, 2007; Tian et al, 2008) . That indicated all groups established equivalent level of fear condition uisite of fear conditioning test.
Tab. 1 Rats' locomoter activity of different rearing conditions
In the test session, the percentage of freezing response reflected the expression of fear conditioning. The results showed that early enriched environment could significantly improve auditory fear conditioning in adult rats, while isolated environment impaired auditory fear conditioning significantly. When tone presented repeatedly, the percentage of freezing response was gradually decreased in all three groups, but the differences between groups existed all the time. In the present experiment, different early rearing environments did not significantly affected within-session acquisition of extinction. As there was rare report concerned with the effects of abnormal early environments on acquisition of fear extinction, further research is needed. However, the result might be due to the fact that though both fear conditioning and extinction are new learning process, the mediating network and possible neural m he same (Sotres-Bayon et al, 2006) . Early environments had a significant impact on body weight of adult rats, as body weights of both enriched and isolated groups have reduced significantly compared with the control group. Although both enriched and isolated groups have reduced body weight, the reason could be different. Body weight reduction of enriched group could be due to increasing physical activities caused by novel objects, while reduction of depressed behavior caused by social isolation (Varty et al, 2000; Brenes Sáenz et al, 2006) . In locomoter activity test, there was no significant differences between groups with respect to four indexes, early environments did not change the spontaneous activity of adult rats. As footshock sensitivity, there was no significant difference as concerned with the thresholds of attention response, flinching reaction and vocalizing response between all three groups. It indicated that early environments did not change the foot-shock sensitivity in adult rats.
The relationship between the early environments and fear conditioning was studied in the experiment. The results showed that early enriched condition can improve the tone-evoked fear conditioning response, and that might due to increasing of brain weight, cortical thickening and structural changes as reported by Rosenzweig et al and other reports (Huntley et al, 1972; Cavigelli et al, 2003) . The results also showed that isolated condition impaired the fear response, and that might due to reduction of dendritic length, the number of dendritic spine and plasticity in adulthood caused by poor environment during juvenile stage (Silva-Gómez et al, 2003; Ferdman et al, 2007; Heidbreder et al, 2000) .
Although early environments could modify fear conditioning response in adult rats, the concrete mechanisms including molecular and neurotransmitters' changes in this course remain unknown. Therefore, more researches are needed at the molecular level to achieve more information about brain development. 
